Observations of high-time resolution 3-D electron distributions within the source regions of Auroral Kilometric Radiation (AKR) are reported. In general, the electron data display a broad plateau over a wide range of pitch angles indicating that these distributions have been rapidly stabilized by AKR wave growth. The source of the electron instability appears to come from several features in the distribution, including an isotropic beam feature and its mirroring components, occasional electrons in the "trapped" region, as well as steep gradients present in the atmospheric loss cone. Taken together these features may provide a nearly continuous region of which could contribute to the relativistic cyclotron maser instability. Computer simulations of the evolution of the electron distribution which assume plasma conditions similar to the parameters measured by FAST show similar results to the observed electron distributions. The FAST observations also show that relativistic corrections to the AKR dispersion relation may enable a small k || mode with a resonance condition that is able to take maximum advantage of the initial instability in the mono-energetic electron distributions within the auroral acceleration regions.
Introduction
The FAST satellite has made numerous high-time resolution measurements of Auroral Kilometric Radiation (AKR) and associated 3-D electron distributions. Many of these measurements have occurred while we believe the satellite was inside the AKR source region, within the auroral acceleration potential where we find inverted-V electrons, upgoing collimated ion beams and a significant ∂f ∂v ⊥ ⁄ density depletion of the cold background electron plasma (see the paper by Ergun et al., [1997] , this issue, for a general description of AKR observations made by FAST.) Within the AKR source regions, the energetic electron distributions appear to be plateaued over a wide range of pitch angles. We interpret this plateau as the result of diffusion in velocity space due to AKR wave growth. In general, most of the distributions we measure are plateaued in a region about v || = 0, with a loss cone present in the upgoing component and a slight positive slope in the field-aligned downgoing region due to the primary inverted-V electrons.
The earliest successful theories for describing an instability mechanism for the generation of AKR dealt with a relativistic Doppler-shifted cyclotron maser effect in which the electron gyroresonance condition was modified by a relativistic term:
This resonance condition results in a series of ellipses in velocity space for various values of k || and the local plasma parameters (Omidi et al., 1984 .) The central issue in most of the cyclotron resonance work has been the identification of sources of free energy in the electron distribution where a certain set of resonant ellipses given by Equation (1) could sample a sufficient amount of positive gradient in the distribution for effective wave growth. The work by Wu and Lee [1979] is perhaps best known for calculating the growth rate for this instability by assuming that favorable conditions for wave growth could be found in the loss-cone region of the distribution, where frequently > 0. Observations from the S3-3 satellite and more recently from the Viking spacecraft near the AKR source regions have shown that this positive slope does exist in a typical inverted-V electron distribution [Mizera & Fennell, 1977; Ungstrup et al., 1990] . Moreover, this emission mechanism could also account for the fact that the polarization for AKR appeared to be primarily in the R-X mode (Shawhan & Gurnett, 1982.) Later work has attempted to identify other features in the electron distribution which may contain free energy, such as in a trapped electron population produced by a time-varying auroral acceleration
potential (Louarn et al., 1990) .
The high time-resolution results from FAST suggest that the region of > 0 occurs over a wide range of pitch angles in the energetic electron distribution. Nearly all of the examples presented show a broad, flat plateau in the distribution extending out from ~30° away from the field-aligned direction all the way back to the loss cone, with an occasional remnant of a positive slope in the parallel direction due to the primary inverted-V electrons. This distribution is assumed to be a result of the wave-particle diffusion of an incident mono-energetic beam which is mirroring in the increasing geomagnetic field, creating a strong which may extend from the field-aligned direction toward regions near 90° pitch angles and beyond. The rapid stabilization of this type of distribution has been studied using a particle-in-cell, electromagnetic code in the work by Winglee and Pritchett [1986] , Pritchett and Strangeway [1985] , and Pritchett and Winglee [1989] . These simulations assume several conditions which are applicable to the FAST data: the cold background density is small compared to the energetic electron density and relativisitic corrections to the AKR dispersion relation allow for emissions with negligible k || and with frequencies below the non-relativisitic, cold-plasma Ω e . The resulting electron distributions from these simulations show a broad plateau very similar to what is observed in the FAST electron distributions during passes throught the AKR source regions. In addition, it is shown that by assuming a negligible k || , which is allowed when relativisitic effects are taken into account, the AKR resonance condition can take maximum advantage of the initial instability created by the incident mirroring inverted-V electrons.
FAST Observations
Detailed AKR wave spectra and electron distribution contour plots in ( [1978] . The ellipse defines a boundary for the accelerated, magnetospheric electrons; these electrons cannot occupy regions of the distribution below this velocity unless scattered there by some wave-particle or other interaction. The hyperbolas define the loss cone in the presence of a parallel potential drop. Because FAST is in the acceleration region at this time, there is a potential both above and below the spacecraft. The intersec- All of these features appear to be resting on a broad plateau outlined by the green contour lines and encompassed by the acceleration ellipse about the origin.
A second example of an AKR source crossing is shown in Figure 2 for orbit 1843. The plasma wave tracker instrument shows emissions generated at just above and below the local Ω e . The electron contour plot is similar to the source region electrons during orbit 1907, except the enhancements in the distribution at 90° pitch angles are absent. The primary, inverted-V energetic electrons are clearly visible, peaking at small pitch angles and spreading out to nearly 45° in pitch angle as the beam mirrors in the geomagnetic field. The loss cone is present, although it is not as steep a gradient as seen during orbit 1907. The absence of the electrons at 90° makes the broad plateau an obvious feature in this distribution outlined by the orange contour lines. As in the previous example, the acceleration ellipse boundary (in black) encompasses almost the entire area of the plateau.
Discussion
The debate over which region of the electron distribution contributes to AKR wave growth has continued since the initial suggestion by Wu and Lee that the free energy source of the cyclotron maser instability lies in the loss cone of the precipitating electrons. Ungstrup et al., using data from the Viking satellite, have compared the loss cones both inside and outside the source regions and concluded that the loss cones within the source regions are partially filled, which they interpret as evidence that this region of the distribution provides the necessary free energy for AKR growth. result from an ehancement of electrons in the trapped region which creates a positive gradient in the distribution over a certain range of pitch angles. What we believe is equally likely, perhaps even more so given the simplicity of the model, is that the plateaus in the trapped region arise from the diffusion of the incident inverted-V electrons from AKR wave growth. As these accelerated, ~keV electrons travel down the field lines, they mirror to wider pitch angles and produce a positive which is immediately unstable to AKR wave growth. As the instability saturates, the trapped region of the distribution is filled in, yielding the broad plateaus seen in the data.
Other work has examined alternative mechanisms for the production of AKR, including an upper hybrid-lower hybrid wave soliton interaction [Pottelette et al., 1992] . As yet the FAST data has not provided any definitive evidence for this possibility. Many of the entries into the AKR source region by FAST display an intense lower hybrid line, but the ratios E/B for waves in the AKR frequency range are relatively constant throughout the source region crossing, which is not what one would expect if electrostatic upper hybrid waves were present. For now we simply concentrate on the electron distributions as the possible source of energy for AKR generation.
In the FAST observations we are assuming that the distributions we measure have already been stabilized by the growth of AKR which occurs on a timescale on the order of 1 msec or less, much faster than a single sweep of the electron analyzer. In general the results of the FAST electron distribution measurements, particularly for orbit 1843, resemble the results of the model simulations developed by
Winglee and Pritchett. In their simulation the competition between electrostatic waves and electromagnetic emissions was characterized. For a low energetic electron density n E relative to the cold background density n o such that n E /n o < 1 it was found that electrostatic waves would rapidly diffuse ∂f ∂v ⊥ ⁄ the distribution in the parallel direction. This diffusion would tend to soften the perpendicular gradients necessary for the cyclotron maser instability, and AKR wave growth was suppressed. For n E /n o > 1 however, the situation was reversed. For an accelerated maxwellian distribution mirroring in the geomagnetic field with sufficient density compared to the cold background plasma, it was found that the maser instability beat out the parallel instability and substantial AKR wave growth could occur.
These waves were produced at near perpendicular propagation close to Ω e and yielded a broad plateau with a remnant of a parallel positive slope due to the inverted-V electrons. The resulting stabilized electron distributions from these simulations possess a remarkable resemblance to the FAST electron data in Figures 1 and 2 (see, for example, Figure 15 in Winglee and Pritchett [1986] ). For the FAST AKR source crossings there is strong evidence that the plasma is dominated by the energetic electrons. Typically n E was between 0.5 -1/cc, and the cold background density n o was < 0.1/cc, which is consistent with the parameters of the model simulation. In addition, Winglee and Pritchett found that once the AKR was generated, it could act as an electron heating mechanism for the colder ionospheric electrons, producing an enhancement of these electrons at 90° pitch angles. This could explain the enhanced electrons with a negative gradient measured by FAST at these pitch angles as seen in Figure   1 (b). For these simulations it was also noted that a relativistic dispersion analysis [Strangeway, 1985; Strangeway, 1986 ] yielded a modes which could exist below the local cold-plasma Ω e . These modes could have a k || = 0 and grow at a 90° propagation angle; thus the resonant ellipse given by Equation
(1) would be a circle centered at the origin and could sample the nearly continuous > 0 that we believe is created by the mirroring of the incident ~keV inverted-V electrons. That such wave modes may exist is shown in Figure 2 given by Equation (1) assuming that k || ~ 0. As can be seen from the resulting circle, the resonant con∂f ∂v ⊥ ⁄ dition for this AKR emission falls directly on the area where the electron distribution appears to be plateaued. Presumably, the plateaued region of the distribution possessed the largest integrated before the distribution was stabilized, and is where the AKR emissions were able to extract the largest amount of energy for growth.
Conclusion
We have presented several examples of high time resolution contour plots of the electron distributions within the source regions of AKR. The general features of these distributions are (1) a loss cone, (2) a slight positive slope for small pitch angles about the field-aligned direction due to the inverted-V electrons, (3) a broad plateau with a radius close to the primary incident electron acceleration energy and covering pitch angles from near field-aligned all the way back to the loss cone, and (4) occasional enhancements in the distribution at 90° pitch angles which have a strong negative gradient. Depending on the example, the loss cone may be entirely filled in or show almost no difference from the distribution outside the source. At present the FAST data resembles the results of computer simulations that examined the contribution of resulting from not only the loss cone but the features produced by the incident inverted-V electrons as well. These results suggest that the source of free energy in the electrons is not limited to the loss cone alone but may encompass a much more extensive region of the distribution. The observation of intense AKR in the source region at frequencies very close to Ω e and below, as well as the apparently extreme cold plasma density depletion within the source region, is consistent with such a model. Additionally, we find evidence that relativisitic modes with a negligible k || would experience optimum growth from the observed electron distributions, since these modes would sample the initial positive gradient of the incident mono-energetic beam most effectively.
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